Introduction
Functional gastrointestinal disorders are common but are quite challenging to manage. Irritable bowel syndrome (IBS) is the commonest functional gastrointestinal disorder with global prevalence rates of 3% to 20%. 1 Prevalence data for Asia are less clear with some studies reporting prevalence rates comparable with Western data while others reporting lower prevalence rates around 4% to 10%. [2] [3] [4] [5] The pathogenesis of IBS is considered multifactorial, with contributions from visceral hypersensitivity and central sensitization, abnormal motility responses, dysbiosis of gut microbiota, psychological morbidity, and perception issues. Therapy has likewise been multimodal, including counseling, dietary manipulation, pharmacotherapy, neuromodulation, and psychological therapies. One of the recent advances has been the successful application of a specific dietary change, the "low Fermentable Oligosaccharides, Disaccharides, and Monosaccharides And Polyols (FODMAP) diet," which has symptomatic benefits in up to 70% of patients in observational studies and randomized controlled trials alike. 6, 7 FODMAP is a collective term for a group of fermentable short-chain carbohydrates that are indigestible or slowly absorbed from the small intestine. The contribution of individual FODMAPs to the symptomatology of IBS has long been recognized. 8 For example, lactose induces symptoms in those with hypolactasia, and fructose with or without sorbitol had been implicated in childhood diarrhea and adults with IBS. However, other types of FODMAPs are common in the diet and include fructans in wheat and onions and galacto-oligosaccharides in legumes/pulses. Because of their highly overlapping effects in the intestine, FODMAPs have additive effects on pathophysiological mechanisms of symptom generation. 9, 10 They probably act by two main mechanisms, both leading to luminal distension. First, by virtue of their small molecular size and water solubility, they exert an osmotic effect, attracting more water into the lumen of the small and large intestine. 11 Second, malabsorbed FODMAPs are rapidly fermented by intestinal bacteria, leading to luminal distension from release of gases (hydrogen, carbon dioxide, and methane). 12 Luminal distension causes stretching of mechanoreceptors of the gastrointestinal tract and leads to symptoms of abdominal pain and bloating via visceral hypersensitivity and alteration of bowel habits due to abnormal motility responses.
The low FODMAP diet now has high-quality evidence to support its efficacy. 6, 7 After strict adherence for 4-6 weeks, it is recommended that a reintroduction of FODMAPs occurs to enable derestriction to individual tolerance. 13 This has been successful in the majority of patients while maintaining good control of symptoms. 14 The basis of the success of the diet has been twofold. First, the diet has been led by dietitians or by specifically trained nurses. 15 Its success in self-taught individuals has not been reported, although it is likely that this is a common way the diet is used. Second, the knowledge of the FODMAP content of foods has been a key; those with levels greater than cut-off values are avoided and those with low levels are used in place. 15 Such a plan assists in adherence and in maintaining nutritional adequacy. To date, all published studies have been performed in Western countries where food composition is largely available due to an ongoing program of testing foods. 16 The applicability of this diet to other regions where eating habits and food supply is different requires evaluation. Questions arise as to whether the low FODMAP diet is as useful in South Asia as it is in the countries of European ancestry. In order to address these questions, an understanding of the dietary patterns and practices and of the foods consumed is essential. The challenges associated with this are outlined in the present review.
Indian subcontinent and South Asia
There is no universal agreement about the geographical definition of South Asia (also known as the Indian subcontinent), but traditionally, it includes India, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, Maldives, and Afghanistan (Fig. 1) . 17 Because few data exist regarding the food consumption patterns of Afghanistan, Maldives, and Bhutan, they will not be considered in this review. South Asia is of considerable demographic importance because it accounts for 10% of the Asian continent with a population of 1.7 billion (over 20% of the world population). It is both the most populous and most densely populated area of the world with a population density of 304.9/km 2 . The Indian subcontinent is home to remarkable ethno-cultural diversity and marked climatic differences and biodiversity, the significance of which will be discussed later in the article.
Irritable bowel syndrome in South Asia
Epidemiological studies regarding IBS in the Indian subcontinent are somewhat sparse. Comparison of data is further confounded by the differing criteria (e.g. Rome II vs Rome III) used to define IBS in various studies. Table 1 and Figure 1 show the available prevalence data of IBS from South Asian countries. Thus, these studies overall indicate that the prevalence of IBS is somewhat lower than that in western world. They highlight, however, several factors that need to be considered when diagnosing IBS in South Asia, which may be reflections of the dietary practices and cultural beliefs. First, what is perceived as diarrhea and constipation by South Asian subjects is different to that in the West. In the panIndian study of 1404 subjects who complained of constipation, only 36% had stool frequency of less than three times a week and of 1252 subjects who complained of diarrhea, only 4% had stool frequency of more than three times a day. 18 Thus, it appears that the perception of constipation and diarrhea is dependent not purely on the stool frequency but upon other factors like the consistency of stools and the cultural norm for what is considered diarrhea or constipation. Influenced by the traditional beliefs, most South Asians believe that they have constipation if they pass hard stools and have to strain slightly more than they are accustomed to and believe that they have diarrhea if the stool consistency is watery or loose irrespective of the stool frequency.
There are a few factors that may account for the high stool frequency among Indian subjects and patients with IBS. First, there may be a relatively high mean dietary fiber intake in South Asia; for example in Northern India, data from a food frequency questionnaire estimated patients with IBS had a total dietary fiber intake of 52 g/day (n = 81), which was similar to a control population (n = 89). 19 However, other studies using similar methodology, 7-day food diaries, or 72-h recall of food intake have reported much lower fiber intake of 8-24 g/day in both IBS patients and healthy subjects in India and Sri Lanka, 20, 21 which is more akin to the intake reported from US populations. 22 The relative contribution of the sources of total fiber intake might also be different, with a greater contribution in South Asia from legumes/pulses, although formal comparisons have not been made. Second, colonic transit time is faster with a mean of 18 h in a North Indian population compared with 35 h in a Western population using the same method. 7 Third, a higher background of intestinal infection and related reduced surface area of the small bowel (shorter villi) may influence bowel physiology. Fourth, there is a very high rate of lactose malabsorption in many of the South Asian countries including Sri Lanka. 23 
Dietary composition and patterns in South Asia
There are multiple influences on dietary patterns in South Asia, which is not surprising given the marked ethnic, cultural, and religious diversity. Factors influencing dietary patterns and culture include:
• Religion: Hinduism, Buddhism, Islam, Jainism, Sikhism, and, more recently, Christianity have had significant influence over dietary practices, such as vegetarianism and, for the omnivores, the types of meat eaten.
• Ancient native medicinal systems: One of the more common one is Ayurveda, a form of alternative medicine that originated and evolved in the Indian subcontinent. One of the principles, Ayurveda, is that food is intimately related to the health of a subject in both causation and treatment of disease. This would influence the selection of food based on Ayurvedic medicinal value.
• Food accessibility: Food culture will be influenced by the availability or exposure to specific food or cuisine. For example, being located in the middle of the ancient silk road and spice routes has enabled the food cultures of Southeast Asia and Western Asia to influence those of South Asia and vice versa. Indian subcontinent for the most part has a tropical climate and a very high biodiversity, which is reflected by high consumption of food from diverse plant sources to meet their nutritional requirements.
• Economic factors: South Asia is one of the most economically deprived regions of the world. 24 It has the highest rates of malnutrition; for instance, one-third of Indians are undernourished. 25 All countries of South Asia spend more than half of their gross domestic product on food. 25 Poorer countries tend to spend more on cereals in contrast to rich countries, which tend to consume proportionally more meat products. 24, 26 For instance, Nepal and Bangladesh, two of the poorest countries from South Asia, spend relatively most on cereals. 24 Exclusive vegetarianism practiced by many South Asians (e.g. it is estimated that 35% of Indians are vegetarian 27 ) may have a bearing on this expenditure pattern among other factors such as affordability and availability of other food varieties like dairy products, meats, and fish. Consequently, South Asians depend heavily upon cereals and legumes/pulses to fulfill their protein requirements. Dairy products are the other main source of proteins, and this can be impacted if lactose restriction is prescribed.
Specific foods commonly consumed in South Asia and their FODMAP content
Cereals. Rice is the staple food in the Indian subcontinent and the most consumed cereal in South Asia. Rice has a low FODMAP content. It is eaten at least once a day by most households of rice farming regions of South Asia. Cooked rice perfectly suits the South Asian tradition of eating by fingers because of its sticky, lumpy texture. 28 Cooked rice is almost always consumed in South Asia mixed with curries and made into food balls by hand. In Sri Lanka, rice is consumed for all three main meals daily by most Sri Lankans. In Sri Lanka, coconut milk is added to rice in cooking to make a fatty, sticky rice dish called kiribath, which is traditionally served in festive occasions such as New Year celebrations, but is also served as a breakfast meal. Rice can also be made into a porridge called rice kunji. Rice and rice-based foods such as idli, dosa, dhokla, selroti, ambeli, zes, adai/wada, and bhattejaanr/anarshe are popular in continental India. Although rice is low in FODMAPs, the addition of curries made of legumes/pulses that typically accompany rice are high in FODMAPs (oligosaccharides). In addition, as outlined in Table 2 , many of the rice-based foods are fermented, and the effect of the fermentation process on FODMAP content is largely unknown. In India and Sri Lanka, hoppers, string hoppers, and pittu are popular rice flour-based food. Rice plays a unique role in the nutrition of South Asians; it is low in FODMAPs while having better quality protein than wheat and corn, contains essential micronutrients and antioxidants, and also has hypoallergenic properties. 29 Thus, rice offers natural protection against induction of IBS symptoms because of FODMAP-related mechanisms.
Wheat is high in FODMAPs because of its high oligosaccharide content. Wheat is the second most consumed cereal in South Asia and the staple food in wheat farming areas. Wheat is commonly consumed as various homemade leavened and unleavened flat breads native to South Asia along with various curries. However, wheat-based fermented food like balam, jalebi, kulcha, naan, bhatura, and kurdi (Table 3) , traditional to India and neighboring countries, may contain reduced amounts of FODMAPs subsequent to the utilization of oligosaccharides as substrates for fermentation.
Millets are also widely used in South Asia as a food item, especially in India. India is the largest producer of millets in the world, and almost all of it is consumed domestically. 30 Finger millet is used as a staple food that supplies a major portion of calories and protein to large segments of the population in these countries especially for people of low income groups. 30 In addition to its high nutritive value, millets can play a role as a main food item for patients with IBS in this part of the world because it has a low FODMAP content.
There has been a general decline in rice consumption over the decades in South Asia in keeping with the general trend of the world, accompanied by a rise in consumption of wheat. 26, 31 This trend could increase the incidence of IBS in the region.
Fruit and vegetables. Being in the tropical zone, Indian subcontinent is also home to hundreds of species and varieties of fruit and vegetables, which is reflected in the diet of South Asians.
Many of these fruits and vegetables are native to South Asia and are not very familiar to the rest of the world. India is the second largest producer of fruit and vegetables after China. For example, India grows 13 varieties of bananas, 34 varieties of mangos, and hundreds of other types of fruits and vegetables. 32 Little is known about their nutritional composition and FODMAP content. Nutritional and chemical composition including the FODMAP content also differs according to the stage of maturity at which a fruit is consumed. For instance, jackfruit is a popular food consumed in Sri Lanka, sometimes as a substitute for rice. Jackfruit is consumed at various stages of maturity either as a vegetable or a fruit. It has been shown that the content of the FODMAP fructose increases significantly as jackfruit ripens from day 1 to day 6 after harvesting. 33, 34 It is widely believed that jackfruit when consumed Table 2 Common rice-based foods used in South Asia 29, 58, 59 Food item Ingredients and broad method of preparation Idli Fermented steamed product with a soft and spongy texture, which is used as a snack. Naturally-fermented batter prepared from a mixture of milled rice and dehulled Blackgram dhal (Phaseolus mungo) of varying proportions. Dosa
Fermented, leavened dosa batter is baked on hot pan as a thin, crisp pancake. Suspension prepared by grinding wet rice and black gram separately with water. The two suspensions are then mixed into a thin batter and allowed to undergo natural fermentation. Dhokla Similar to idli, but black gram is replaced by Bengal gram (Chickpeas) in the preparation. A mixture of rice and chickpea flour is also used as the substrate for the fermentation. As in idli preparation, the fermented batter is poured into a greased pie tin and steamed in an open steamer. Selroti
Fermented rice-based ring shaped, spongy, pretzel like, deep-fried food item. Local variety of rice "Attey" is used. Soaked rice is pounded into coarse powder and large particles removed to get rice flour. Rice flour is mixed with refined wheat flour, sugar, butter or fresh cream, and spices/condiments containing cardamom, cloves, coconut, fennel, nutmeg and cinnamon, milk, or water added and made into a dough and then to a batter and fermented. Fermented batter deep fried in oil into a ring shape. Sez Semi-fermented food made from cooked rice fermented for 1 to 2 days in an airtight container with a small amount of innoculum called Balam (Table 3) . Zes is extracted while preparation of rice Jann (local beer).
Adai
Rice and legumes based coarse batter baked on a hot pan with a few drops of oil into a lightly thick pancake. Raw and parboiled rice and dhals (Bengal gram, black gram, pigeon pea, and green gram) soaked for few hours and then ground with red and green chilies, grated coconut, coriander leaves, curry leaves, asafetida, onions, garlic, ginger, fennel seeds, turmeric, and salt. Batter is fermented for at least 30 min before baking. Bhattejaanr Sweet or sour alcoholic paste made from fermentation of cooked glutinous rice. Cooked glutinous rice cooled and mixed with inoculum and allowed to saccharify for 1-2 days and then fermented in an air tight container for 2-8 days Hoppers/appam Rice is soaked overnight and grinded to make rice flour. This is then mixed into dough with coconut water and a bit of sugar and salt and kept for 4-6 h for fermentation. This dough is then made into a smooth batter by adding as much coconut milk as necessary. This batter is then swirled around in a slightly oiled and pre-heated hopper pan to form a thin even cup. The pan is immediately covered with a lid and baked till the hopper becomes lightly brown and the edge becomes crispy. String hoppers/idiyappam/nooputt/putumayam Rice flour pressed into a noodle and then steamed. Rice flour with water at 60°C, adding a little water at a time to form an even pliable dough to get a consistency that is easily pressed through a string hopper mold. This dough is then loaded into the string hopper mold and squeezed through it to form the noodle like string hoppers on the stiff round mats ("Thattu") This string hopper with the mat is then placed inside a steamer and steamed for 5 min. Pittu/puttu Pre-roasted rice flour is mixed with salt water by hand to make large crumbs. These crumbs are then mixed with freshly grated coconut to large crumbs coated with coconut. This mixture is loaded into the cylindrical "Pittu" steamer made of bamboo and placed on a pot of boiling water and steamed to get the cylindrical molds.
in excess, either the simmered mature starchy jackfruit as a main meal instead of rice or as a fruit when it is ripe, causes abdominal bloating and discomfort. Studies into the FODMAP content of jackfruit at various stages of maturity could be very significant in the aforementioned context. South Asians are known for their very high consumption of onion, shallots, and garlic, which are rich in FODMAPs because of their high content of oligosaccharides, notably fructans. In fact, India is the second largest producer of onions after China, and approximately, three quarters of the production is consumed domestically. 35 This high FODMAP commodity is so important in Indian cuisine such that failure to control the escalating price of onions is reported to have triggered the downfall of the Indian ruling party at the time from power in 1998 elections. [36] [37] [38] Similarly, India is the second largest producer of garlic after China, and most of the produce is domestically consumed. 39 Therefore, practical issues may arise when reducing the content of these high FODMAP ingredients that are so loved by the South Asians as a dietary intervention for IBS.
Another feature common to these countries is their high consumption of diverse green leafy vegetables. Some commonly consumed green leafy vegetables include Acalypha indica, Allmania nodiflora, Alternanthera dentate, Alternanthera lehmannii, Alternanthera philoxeroides, Alternanthera sessilis, Amaranthus blitum, Amaranthus dubius, Amaranthus polygonoides, Amaranthus spinosus, Basella alba, Centella asiatica, Chenopodium album, Hibiscus sabdariffa, Marsilea villosa, Moringa oleifera, Pisonia alba, Sesbania grandiflora, Solanum nigrum, and Trigonella foenum-graecum. 40 One study in Bangladesh showed that dark green leafy vegetables provided nearly 50% of the total carotene in the diet. 41 Little is known about their FODMAP content.
Legumes/pulses. A legume is a plant in the family Fabaceae (or Leguminosae), and their grain seed is referred to as pulse. The terms are often used interchangeably. Legumes/pulses are an important source of plant proteins in South Asia. Commonly consumed legumes/pulses in the Indian subcontinent include chickpeas/Bengal gram, black gram, green gram, horse gram, red gram, cowpeas, green peas, green beans, and soya beans. 42 Simmered or boil-cooked legumes/pulses like chickpeas, green gram, and cowpea are commonly consumed in Sri Lanka as breakfast along with freshly scraped coconut and "katta sambal" made with chili, shallots, salt, and lime. Red lentil curry is consumed with rice almost on a daily basis by Sri Lankans. Similarly, dhal curries made from various legumes/pulses are also consumed with either rice or various flat breads made from wheat by most of the communities in continental India daily.
Almost all legumes/pulses have a high FODMAP content. In parallel with the changes in rice and wheat consumption, there has been a decline in demand for legumes/pulses in South Asia with a rising demand for other vegetables. 26, 31 The reasons for these changes are not clear but may reflect the influence of westernization of diet.
Protein and fat sources. In India and Pakistan, cereals, legumes/pulses, fruits and vegetables, and dairy products are the main food items in the diet that provide protein, while in Bangladesh, Nepal, and Sri Lanka, far less dairy food is consumed. 24, 31 Most of the dairy products are high in FODMAPs owing to their lactose content. Exceptions include hard cheeses and butter. There is a heavy demand pressure on poultry because of religious and cultural reasons; Hindus do not consume beef because the cow is considered sacred, and Muslims do not consume pork. In contrast, countries with a coastline such as Sri Lanka, Maldives, India, and Bangladesh have a high fish consumption. 31 In India and most of the neighboring countries, cow's milk is used for making the curries, whereas in Sri Lanka, coconut milk is used.
Another potential source of FODMAPs is coconut. In Sri Lanka and parts of India where coconut grows, fresh scraped coconut, coconut milk, and coconut oil comprise an important component of their diet and the main sources of lipids. 31 In Sri Lanka, coconut milk squeezed out of freshly scraped coconut is almost always added when curries are cooked, whereas in India, it is cow's milk that is added in preparing curries. In Sri Lanka, freshly scraped coconut is used in making coconut sambal, which is a popular side It is a sweetened fermented product made from "maida" (refined wheat flour), "dahi" (Indian yoghurt), and water. The fermented batter is deep fat fried in oil in spiral shapes and immersed in sugar syrup for few minutes. Kulcha Leavened flat bread made from wheat flour, curd, and baking soda and baked on a pan with a bit of oil. Naan
Oven-baked, leavened flat bread made from wheat flour, sugar, salt, starter, and water. The dough is left for 12-24 h, formed into balls and flattened. Smoothly flattened dough is slapped into the inner wall of the clay-clad brick oven and baked into a flat bread. Bhatura Fluffy, deep-fried, leavened bread made from wheat flour, yoghurt, ghee, and yeast/baking soda. Kurdi
Kurdi is a type of wheat-based solid fried chips prepared by soaking, fermenting, and crushing wheat grains, which is subsequently thermally gelatinized, hand extruded, and dried.
dish, and in preparing many of the fresh and cooked green leafy vegetable salads. A cup (96 g) of fresh coconut has moderate amounts of sorbitol. The use of canned coconut milk and ultra-high temperature (UHT) coconut milk is not widespread in these countries though increasing due to the busy lifestyle. While canned coconut milk is usually low in FODMAPs, a UK product of coconut UHT milk was found to be high if 250 mL was the serve size, moderate in a 150 mL serve, but low when 120 mL was used. Hence, serving of a dish that may likely contain less than half a cup of coconut may in fact end up being low FODMAP. The varying FODMAP rating of coconut foods and milks are listed in Table 4 together with some key food ingredients widely consumed in South Asia. In other South Asian countries, cooking oils and fats of animal origin (mainly ghee, which is butter oil from cow's milk) are used for cooking and frying, 31 which do not contain FODMAPs.
Spices and condiments. South Asians frequently use spices and condiments in curries, although specific spices and the amounts used may vary. Commonly consumed spices include red chili, turmeric, cumin seeds, coriander seeds, mustard seeds, fenugreek seeds, black pepper, cloves, cardamom, cinnamon, caraway seeds, carom seeds, nutmeg, mace, fennel, asafoetida, and star anise. 43 Nearly all of these (with the exceptions of caraway and carom seeds and mace) have undergone analysis and have a low FODMAP content.
In an Indian study, chili and turmeric were the most frequently consumed spices by all the examined households. 43 Most of the spices are added in small amounts to food to add aroma, flavor, and color. In the previously mentioned study on spice consumption, highest portion size intake was observed for chili with a mean of 3.0 g and lowest for nutmeg and mace with mean values of 0.14 g and 0.21 g, respectively. 43 At such doses, the FODMAP content will be very low. Other effects of spices such as those on the enteric nervous system and intestinal transit times and on the intestinal microbiota must also be taken into consideration as they might also have some bearing on IBS symptoms. For instance, in a Japanese study, curry with turmeric (0.5 g per meal) significantly increased the area under the curve of breath hydrogen and shortened small bowel transit time compared with curry not containing turmeric. 44 In that study, the postulated mechanism for the increased breath hydrogen production was through increased colonic fermentation via activation of colonic microbiota. 44 Furthermore, capsaicin, a key component of chili, stimulates TRP-V1 receptors that modulate visceral sensitivity. 45 Thus, it is reasonable to conclude that the many spices added in small amounts are unlikely to trigger IBS symptoms through FODMAP mechanisms but can have far-reaching effects on the genesis or suppression of IBS symptoms through other mechanisms. Such food-related mechanisms require elucidation through further research.
Beverages. Tea is the most commonly used beverage in South Asia. Black tea or "English breakfast" tea is the most widely used variety. Some teas contain moderate-high FODMAPs when "strongly" made compared with "weak" (Table 5) .
Coffee, low in FODMAPs unless consumed with a large volume of milk, is also used by many South Asians. "King coconut water" and coconut water, which are used as tropical thirst quenchers, have a high content of oligosaccharides and polyols when consumed in a serve of 250 mL or more but are low in FODMAPs at 100 mL or less. In Sri Lanka, brews from flowers of many tropical plants (e.g. Accasia auriculata L and Aegle marmelos) and herbs (e.g. Aerva lanata, Hamidesmus indicus, Sida rhombifolia, and Tinospora cordifolia) are traditionally used as beverages with a medicinal value, but this practice is rapidly declining due to the practical difficulties of preparing them. In addition, brews of coriander and ginger are used as a beverage and a home remedy for common colds, whereas brews of caraway seed are used as a beverage and a treatment for gastroenteritis due to food poisoning. Alcoholic beverages commonly used in the South area are mostly based on sap of flower of coconut, Palmyrah palm or "Kitul" trees (Caryota urens). While anticipated to be low in FODMAPs, the content of these beverages has not been tested.
Cooking practices and eating habits and their relationship to estimating the FODMAP content of the meal Generally, cooking traditions, techniques, and the art of cooking are transferred from the mother to the daughters of the family, and, traditionally, male members of the family rarely prepare food. 46 Measuring ingredients while cooking is not common practice. Many South Asians use their experience with cooking to determine how much of each ingredient to use. 47 Not only are there wide variations in recipes and ingredients among countries and ethnic and cultural groups but also there are subtle variations in recipes between families. Therefore, it may be difficult to make recipe-based recommendations regarding the modifications to the FODMAP content of the diet.
South Asians generally eat to their satiety rather than eating in predetermined portion sizes unless the food is in limited supply in the socioeconomically deprived. 47 Most South Asians do not like the concept of measuring portions and consider it interfering with the enjoyment of food. 47 This leads to difficulties when formulating dietary advice on the FODMAP content of foods based on portion size.
Another unique feature of the South Asian eating practices is that neither meat nor vegetarian dishes are served as the main part of a meal; rather, they are the accompaniment to rice or breads and are eaten alongside relishes, chutneys, and dahls (which are mainly in the form of curries). 48 During the course of a meal, diners may add varying amounts of these side dishes and curries to the plate in which they eat their staple of rice or breads according to their preferences. Accompaniments such as pickled fruits and vegetables, chutneys, and sambals are common, and although they may consist of low FODMAP fruits/vegetables or low FODMAP herbs/spices/ chili, it is the addition of onion and garlic, which are high FODMAP, that is likely to influence the overall FODMAP composition. Therefore, testing accompaniments in their complete form and in a typical serve is needed to understand their FODMAP content. Unfortunately, it is difficult to estimate how much of each dish is consumed by a person at the end of the meal.
Applicability of FODMAP principles to South Asia and its implications
The major strategy of the low FODMAP diet as a therapy for patients with IBS is the avoidance of foods with a high FODMAP content and replacing them with foods low in FODMAPs. Such an approach has several important implications if it is to be applied widely in South Asia.
• Knowledge of the FODMAP content of foods and their components unique to the region is rudimentary and requires evaluation. Such a gap in information may impact the design of the low FODMAP diet. However, many major components of the diet, such as wheat, onions, garlic, many legumes/pulses, some spices, and rice have been assessed for their FODMAP content. Because their contribution is major (both low and high FODMAP foods), attention to these alone may potentially have impact on functional gastrointestinal symptoms.
• A substantial proportion of the intake of energy, proteins, and micronutrients is often obtained from FODMAP-rich food. In a region where nutritional adequacy is a challenge to achieve because of food availability and with high proportions of the population being vegetarians, avoidance of FODMAP-rich foods might further compromise nutritional adequacy unless alternatives were readily available. Lactose is one example of a FODMAP that may be commonly contributing to gastrointestinal symptoms in the South Asian population as the prevalence of lactose malabsorption is high. 23 Because lactose-free milk is not freely available in South Asia and is not affordable to most, exclusion of lactose-containing dairy products presents as a major challenge to the nutritional adequacy of the diets especially in lacto-vegetarians and should be carried out only if the patients are markedly troubled by their symptoms. Most who are hypolactasic can tolerate modest amounts of lactose, so "lactose-reduced" should be the aim, not "lactose-free."
• Food labeling of packaged foods that shows the nutritional composition and ingredients is generally poor across South Asia, and this will pose further practical problems in implementing a strict low FODMAP diet.
• The consumption of food is important in the South Asian social structure. The acceptability of a restrictive diet may be low, especially if the unique taste of the final cooked dishes cannot be matched using suitable alternatives to high FODMAP ingredients.
• Implementation would be hindered by both a knowledge gap for health professionals and the lack of dietetic expertise. Knowledge about this relatively new area of IBS therapeutics may be inadequate among the primary care physicians, particularly in rural areas where lack of information technology and transport infrastructure compromises the ability to be updated in new developments in medicine. This may also be exacerbated by shortage of continuing medical education programs in many of these areas.
• Adherence to the low FODMAP diet is greatly facilitated by an understanding of the principles of food and physiology, which itself is assisted by a higher level of education. In an Australian study, patients with functional gastrointestinal symptoms and inflammatory bowel disease who were taught a low FODMAP diet as a therapeutic intervention, adherence was associated with a higher level of education. 49 That study also indicated the importance of supporting information, such as cookbooks and literature. Low literacy in general and in information technology specifically in countries with a low human development index would be further confounded by poor English literacy, because almost all of the current available literature in this subject is in English.
• Patients may not readily accept such dietary modifications because of their cultural and religious beliefs. For instance, 70% of the Indian population still use traditional medicine for primary health care, which mainly consists of Ayurveda 50 in which modification of diet is used as a therapeutic modality and many of the spices, herbal plants, and food items such as onion, garlic, and ginger are used for promoting good health. 51 Considering all the issues mentioned previously, a strict low FODMAP diet in its initial elimination phase may be impractical and challenging to achieve as it is based upon extensive knowledge of food content. While a database of the content of South Asian foods are being developed, the approach should be one of restricting food components containing a high content of FODMAPs. Thus, wheat flour, garlic, lactose-containing foods, legumes/pulses, and known fruits with fructose in excess of glucose should be restricted. This may well cover a high proportion of FODMAPs in the diet and lead to sufficient relief of symptoms. Foods could then be re-introduced to a dose that is tolerated. The fact that the diet does not represent a lifetime restriction of high FODMAP foods is likely to improve the acceptability of the diet by this population. The tendency for food to be prepared from primary ingredients rather than using processed foods may reduce the limitation of inadequate food labeling. The lack of expert dietary assistance to ensure nutritional adequacy is an issue. However, restricting a few food items that give rise to most troublesome IBS symptoms should not be a big concern in the South Asian cuisine, which is rich in its repertoire and variety.
Conclusions
Though IBS seems to be currently a problem of lesser magnitude on a community basis in South Asia than in the Western world, it is still common. The wide consumption of FODMAP-rich food by South Asians may offer an opportunity for dietary management to reduce the symptom load. Contribution of high FODMAP intake to symptomatology of IBS in South Asians needs further investigation. However, foods high in FODMAPs play an important role in achieving nutritional adequacy. Furthermore, knowledge of FODMAP content of many of the South Asian foods is currently limited, making the design of dietary restriction and identification of suitable food substitutes more challenging. Thus, the practicality of the low FODMAP diet for IBS will remain more limited than in westernized communities as a therapeutic option among South Asians until these issues are addressed. Given these issues, it is important that demonstration of efficacy of restricting dietary FODMAP intake is beneficial prior to widespread implementation of the low FODMAP diet across South Asia.
